BACKGROUND: Allergy immunotherapy (AIT) is the only available treatment that alters the natural course of allergies and has possible disease-modifying effects. AIT is administered primarily via subcutaneous injection delivered in a physician's office. Few studies have been conducted in the United States or Canada to evaluate the costs of subcutaneous immunotherapy (SCIT).
A llergic rhinitis (AR) alone or AR with conjunctivitis (ARC) affected 10%-30% of the population in 2011-2012, and prevalence rates are increasing worldwide. 1, 2 Physician-diagnosed AR/ARC has been estimated at approximately 8% of adults and 10% of children in the United States, and 20% of adults and 12% of children in Canada. [3] [4] [5] [6] AR/ARC is a risk factor for asthma, with up to 40% of AR subjects reporting asthma. 1, 7, 8 AR/ARC is also associated with several other comorbidities including sinusitis, conjunctivitis, sleep disorders, and food allergies. 1, 9, 10 Management of AR encompasses allergen avoidance, use of symptomatic pharmacologic agents, and specific allergy immunotherapy (AIT) for patients who respond inadequately to allergen avoidance and pharmacology. 11, 12 AIT is the only available treatment that alters the natural course of allergic disorder through its sustained efficacy and disease-modifying effects. 13 Evidence suggests that AIT prevents development of new • Subcutaneous immunotherapy (SCIT) is an established and effective form of allergy immunotherapy administered to allergic rhinitis patients unable to control symptoms with allergen avoidance and/or use of symptomatic medications. About 2%-9% of allergic rhinitis patients in the United States are treated with allergy immunotherapy.
• Little is known about the process of SCIT administration, the usual care patient population, and costs associated with delivery of allergy immunotherapy in the United States and Canada.
What is already known about this subject
• This time and motion study provides insight into the SCIT administration process via direct observation of SCIT injections and site processes combined with medical history, resource utilization, and loss of productivity collected from patients, physicians, and retrospective chart review.
• Extract costs, administrative time, and patient time were the primary drivers of the cost of SCIT, and while treatment regimens varied substantially among sites and patients, the overall injection processes were similar.
• SCIT requires patient commitment to a long-term treatment regimen involving numerous clinic visits and resources for administration.
What this study adds
Study site recruitment was initiated via invitation letters sent to prescribers of SCIT in the United States and Canada, specifically primary care practitioners, otolaryngologists, and allergists. Clinical practices were deemed eligible based on (a) administration of SCIT in sufficient patient volumes to reach the target sample size within project timelines, (b) ability to utilize a central institutional review board (IRB) for study approval, (c) availability of research staff to assist with data extraction, and (d) willingness to allow third-party observation of the injection visits. Data collection consisted of observation of SCIT processes through a T&M approach with complementary patient survey, facility questionnaire, and chart abstraction. The IRB approved the study protocol, the informed consent materials, and each of the clinical sites prior to data collection.
Patient Recruitment
English or French-speaking patients, aged 6 years and older, were recruited at a usual care visit for the administration of SCIT for the treatment of rhinitis, conjunctivitis, and/or asthma. Patients enrolled in a clinical trial, sensitized only to insect venom, latex, food, or drug, and patients receiving SLIT drops were excluded from the study.
Consent/assent was confirmed prior to the beginning of data collection for each patient. A convenience sample of consecutive patients scheduled to receive SCIT at each site was recruited until the target sample size was met.
Each patient was observed only once. Patients were not observed at visits when other injections were given in addition to SCIT, such as immunotherapy for the treatment of stinging or biting insect hypersensitivity, seasonal flu shots, or other medications.
Study Measures and Data Collection
Trained third-party observers collected T&M data consisting of injection and test times, patient wait times before and after SCIT, and allergen extract preparation (see Appendix A, available in online article). At 6 of the 7 sites that prepared their own allergen extracts, the preparation process was observed and timed at the per-patient level, for a total of 20-34 observations per site.
Site staff answered questions related to the typical site treatment protocol, administrative time per week, and supplies for injection and allergen extract preparation, with 1 such questionnaire per site. A brief retrospective chart review was conducted for each enrolled patient to capture medical history (number and types of allergens administered to the patient, start date of immunotherapy, allergy symptoms, and comorbid conditions) and number of allergy tests.
Each patient responded to a questionnaire on demographics, insurer type and out-of-pocket payments for SCIT, reasons for treatment, medication use, and medical resource utilization. In addition, patients completed an allergy-specific version of the Work Productivity and Activity Impairment Questionnaire sensitizations [14] [15] [16] [17] and reduces the risk of children with allergic rhinoconjunctivitis developing asthma. 15, 16, [18] [19] [20] [21] Therefore, AIT is considered a cost-effective treatment option that reduces allergic disease, comorbidities, medication use, and the number of days absent from school/work, while improving quality of life. [22] [23] [24] AIT involves repeated administration of specific allergens to induce tolerance development. Two modes of AIT administration are currently prescribed in U.S. and Canadian clinical practice: subcutaneous immunotherapy (SCIT) and sublingual immunotherapy (SLIT). SCIT is used for allergic rhinoconjunctivitis in adults and children in the United States and Canada. Two SLIT tablets were approved for use in the United States (April 2014) and Canada (late 2013) for treatment of grass pollen-induced allergies; a tablet for ragweed-induced allergies was also approved in both countries in April 2014. In the United States, SLIT drop immunotherapy using SCIT allergen extracts is an off-label treatment. According to the World Health Organization, SCIT "represents the standard modality of treatment" for allergy immunotherapy.
1, 25 Cox and Calderon (2010) estimate that 2%-9% of AR patients in the United States are treated with AIT, 22 whereas Keith et al. (2012) report that 15%-22% of AR patients in Canada have been treated with AIT. 5 Few studies have been conducted in the United States to observe the costs associated with AIT, 13, 26, 27 and no published studies were found for costs of AIT in Canada. A study of Florida Medicaid claims between 1997 and 2009 indicated that patients who received immunotherapy incurred significantly lower per-patient total health care costs, outpatient costs, and pharmacy costs compared with a matched control group in an 18-month period. 26 Another study compared patient outof-pocket expenses for SCIT and SLIT drops and variations in insurance coverage. 28 The present study was conducted to characterize SCIT administration processes, their associated resource needs and costs, and the patient population in Canada and the United States. This study collected data through a prospective time and motion (T&M) study methodology, with complementary patient survey and retrospective chart review components, which is a novel study design for this patient population.
■■ Methods Design
A prospective, observational study of SCIT administration was conducted in the United States and Canada, inclusive of patients naïve to treatment (no prior SCIT) and prevalent on treatment. As a study with a focus on descriptive, not comparative objectives, the target number of sites, specialties, and patients were based on considerations of face validity and feasibility, not on statistical power considerations. However, treatment-naïve patients were oversampled for investigation of potential differences in key outcomes in relation to patients prevalent on treatment.
plus Classroom Impairment Questions (WPAI+CIQ-AS) 29, 30 to measure the impact of general allergies on work productivity, daily activities, and classroom impairment over the preceding 7 days, including number of hours missed from work or school.
Data Management and Quality Control
Anonymized data were collected on paper case report forms and entered into the study database with the aid of an optical character recognition system (DataFax, Hamilton, Ontario, Canada). All data were reviewed independently by 2 different reviewers; errors or inconsistencies generated on data collected by site staff (chart review, site questionnaire) generated follow-up queries to sites. Because of recall bias and the crosssectional nature of the patient observations that precluded patient follow-up, queries were not generated for patient questionnaires or T&M case report forms.
Analysis
Results were summarized descriptively by site, country, and phase of SCIT treatment (naïve vs. prevalent). Patient characteristics and outcomes are reported as country-level means, since few differences were found by site or phase of care. Time observations that were driven more by site practice than patient variability were characterized by describing the distribution of site means.
A basic model of the costs of a SCIT visit by site was built based on the time observations, patient-and staff-reported data, and unit cost data collected in this study. The cost perspective was that of society. National median wage rates by staff type (Appendix B, available in online article) were applied to staff time. Averages were not available by staff type for both countries. Site-reported administrative time per week was divided by site-reported visit volume for a per-visit estimate. Injection supplies and externally prepared extract were priced from major suppliers (Appendix C, available in online article).
To value the indirect cost of a patient's time, average wage rates are commonly used as a point of reference. 31 For a conservative nominal estimate, patient time was valued at 50% of the average national wage.
■■ Results Sites
A total of 12 sites were enrolled, 6 in Canada (5 allergists and 1 primary care physician) and 6 in the United States (4 allergists and 2 otolaryngologists). Locations were in Quebec, Ontario, and 6 U.S. states: Massachusetts, Rhode Island, Virginia, Indiana, Alabama, and New Mexico. Weekly total volume of SCIT patients per site ranged from 30 to 600.
Patients
Patients were enrolled from March to December 2012. Patient sample size was 670 (294 Canada, 376 United States) for all but the chart review, with site sample sizes ranging from 44 to 74; charts were reviewed for 293 Canadian patients and 377 U.S. patients. Based on feedback from site study coordinators, consent rates for invited patients were near 100%. Nevertheless, investigators from at least 2 sites did not invite adolescents who attended their SCIT visit without a parent or guardian because of logistical problems with the consent requirement.
Key patient demographics are shown in Table 1 . Approximately 10% of patients were aged ≥ 65 years; 13% of U.S. patients and 4% of Canadian patients were children (aged < 18 years). The majority of patients were female, and most were of Caucasian race. Household incomes were fairly high, with incomes above $100,000 for 30% 
Patient Demographics by Country
When patients who were on their first visit were asked why they were starting SCIT, the most common reasons cited were a "desire to cure allergies once and for all" (73%) and that "symptoms are not improved by allergy medications" (60%). Table 2 describes the medical history of patients. The most commonly reported symptoms at initiation of AIT in both countries were nasal symptoms, sneezing, and itchy eyes, while the predominant comorbidity was asthma (24% Canada, 43% United States). U.S. patients consistently had over 4 times as many different allergens in their SCIT treatment as Canadian patients, with a mean of 18 versus 4; these allergens included weed allergens for over 80% of patients in both countries. In the 4 weeks prior to observation, allergy medications were taken by 66% of Canadian patients and 86% of U.S. patients: 54% and 75% took antihistamines while 22% and 32% took inhaled corticosteroids, respectively. Asthma medications were taken by 24% of Canadian patients and 35% of U.S. patients. The proportions were similar for both prevalent and naïve patients (result not shown in table). An epinephrine injection device was carried by half of the U.S. patients but by only about 10% of the Canadian patients.
Medical History

Site Treatment Protocols
Sites reported typical protocols for patients on a full course of SCIT, i.e., excluding those on preseasonal treatments (Figure 1 ). Build-up phases varied in length from less than 4 months (3 sites in Canada), 4 to 5 months (4 sites), to 6 months or more (5 sites, including 1 Canadian site at 12 months). The frequency of build-up injections was every 1-1.5 weeks for 7 of the sites and more frequently than weekly for 5 sites. Protocol maintenance phases were usually reported as 4 years in duration, but 2 sites (1 in each country) reported 5 years and 2 Canadian sites reported 2 years. Nine of the sites maintained patients at 1 injection visit every 3 to 4 weeks. The other 3 sites (all U.S.) reported more frequent visits: every 2-4 weeks (2 sites) or every week (1 site).
Health Care Personnel Time
Site means for health care personnel time per visit for injection, allergen extract preparation, and administrative time are shown in Figure 2 . Eight of the sites had total means per visit of 7 to 22 minutes; 1 site averaged fewer minutes, and 3 sites averaged more. Each component is discussed in turn below.
Site means for the time health care personnel spent in the exam room to administer injections were typically 1 to 3 minutes at Canadian sites, and 4 to 6 minutes at U.S. sites, with little variation among patients within a site. A portion of the country difference is due to the greater number of patients in the United States who received 2 injections as required for the greater number of allergens for which they were treated, as previously mentioned. A physician was present for each 
Patient Medical History by Country
injection at 2 of the sites, which had relatively short mean times of 1 and 2 minutes. Registered nurses administered SCIT at 5 of the sites, with the remainder using licensed practical nurses, medical technicians, or medical assistants. Of the 670 visits observed, there were only 26 skin tests, physician consultations, or adverse events during the injection visit that would add time beyond the injection. One site performed peak flow tests on its patients with asthma, which took an average of 0.2 minutes to complete. Treatment-naïve patients receiving their first SCIT took about a minute longer than prevalent patients.
Allergen extract preparation was performed on-site for 2 Canadian and 5 U.S. sites, while the remaining 4 Canadian and 1 U.S. sites ordered from a vendor. Considering the number of injections supplied for each patient, average extract preparation times per injection visit varied by site from 0.1 to 2.4 minutes.
The administrative tasks related to SCIT that were reported by the most sites were (in order of frequency) ordering and processing extracts, generating charge slips, updating health records, registering patients, and updating billing records. The mean administrative time varied widely across sites, with 3 sites using no physician time and the others ranging from 1 to 11 minutes per visit for physicians and 1 site reporting that all administrative work was handled by the physician. Nonphysician administrative time per visit also varied by site: from 1 to 38 minutes (plus an outlier of 69 minutes).
Patient Time
Site means for total patient time in the office were 25 to 50 minutes, with standard deviations at each site ranging from 6 to 15 minutes. Times were fairly consistent because wait and injection times were short, and 8 of the 12 sites required a minimum 30-minute observation period after injections to check for adverse reactions. Mean preinjection wait times were 8 to 18 minutes in Canada and 5 to 10 minutes in the United States. Mean patient time in the exam room ranged from 1 to 6.5 minutes. Patient travel time to the office was 17-25 minutes (mean one-way) for each site. Total injection visit-related time for the patient, including round-trip travel time, averaged about 80 minutes in both the United States and Canada, with site means ranging from 70 to 95 minutes.
On the WPAI + CIQ-AS, patients in both countries reported a mean time of about 45 minutes missed from work in the previous 7 days because of their allergies.
Costs Per Visit
The results of a basic model totaling the costs of a SCIT visit based on the time observations, patient and staff reports, and unit cost data collected in this study are displayed in Figure 3 The per visit cost of the extract itself-$16 Canada, $18 United States (mean)-was the largest component and accounted for half of the medical costs, whether prepared by the physician or ordered from a supplier. Administrative costs were the second largest component-$8 Canada, $12 United States-but varied more, from $1 to $42, and had a large impact on site-to-site variation in cost. (If the $42 administrative cost outlier was excluded, the mean U.S. cost would be reduced by $6.) The staff costs for the injection itself were much lower ($3 Canada, $2 United States); faster injection times in Canada relative to the United States were offset by 2 sites that bore the cost of the physician being in the exam room for the injection. Staff time costs were proportionate to the average wage of the mix of staff (e.g., physician, registered nurse, and licensed practical nurse) performing the task. use of symptomatic medications and reported an economic advantage for AIT. 26, 35 The present study aimed to expand on this evidence by examining the process and population in detail, including staff time, supplies for injections, extract preparation, administrative tasks, and patient time for wait and travel, as well as patient history, administered antigens, and symptomatic medication.
Based on the data gathered, the medical cost of a SCIT visit is estimated to average $30 in both countries, with the total staff times and times by component varying considerably from site to site. Although the sites are too few to be representative of the countries, the country totals provide a sound basis for a discussion of the most significant cost drivers. The average cost of the allergens for injection, whether prepared by the physician or ordered from a supplier, accounted for half of the medical cost. The degree to which sites could use prepared mixtures of common allergens was likely an important driver of preparation ■■ Discussion While Canadian and U.S. practice guidelines present a standardized approach and algorithm for immunotherapy, 32,33 the personalized nature of SCIT is acknowledged and reflected in the visit schedules they present for the build-up and maintenance phases. The most prominent protocol variations observed in this study across specialties and sites were the frequency of build-up visits along with the length of the buildup (from less than 4 months to 12 months) and maintenance phases (2-5 years)-differences likely driven by selected initial dosing pattern and patient response to treatment. A published study of the time required to reach maintenance dose of SCIT reported a range of 76-720 days at 1 site, influenced by gender, asthma, and patient age. This study found patient time to be substantial, averaging 80 minutes per visit consistently across sites, including travel time and postinjection wait time, although patients reported missing only half that amount of time from work, indicating some schedule flexibility. Assigning a value of half the national wage rate for the patient's total visit time results in a $30 cost per visit; this is as high as the medical cost. With weekly visits during the build-up phase and monthly visits during the maintenance phase, patient time is an important component of SCIT. In the long run, however, an effective course of treatment can pay off for the patient in terms of quality of life and productivity. 22, 24 This study presents patient demographic and clinical characteristics infrequently reported outside the clinical trial setting. The demographic results demonstrated a relatively high household income of patients and that almost two thirds of the patients were female. U.S. patients had a mean of 18 allergens in their treatment and Canadian patients had a mean of 4. This difference may reflect the influence of Canadian guidelines, times. For comparison, a study that included a cost model of SCIT therapy in Canada implied a cost of $42 per visit for physician and extract costs (as calculated by the authors). 36 Given the varying protocols reported by sites in this study and a $30 cost per visit, the medical costs alone of a complete course of SCIT treatment for a fully compliant patient could range from roughly $1,000 to $4,000. Build-up costs would make up $400 to $1,500 and annual maintenance $400 to $500 per year. Considering the range of per-visit costs across sites of $15 to $61, these total costs could be half or twice as high.
Payments to physicians for these costs come from insurers and patients. While reimbursement practices were not a part of this study, in the United States, there are specific medical procedure codes for SCIT injections and allergens for injection supplied or purchased by the physician. In Quebec and Ontario, the Canadian province covers the physician portion of the visit, and the patient's public or private drug insurance covers a portion of the allergen extract cost. which recommend treatment with clinically relevant allergens, along with differences in the prevalence of symptom-inducing allergens (i.e., plant species) between the United States and Canada. While more U.S. patients accordingly received 2 injections in a single visit, the impact on staff time was minimal compared with other activities. The potentially higher ingredient cost was offset by the higher portion of U.S. sites that prepared their own allergen extracts rather than ordering from suppliers. Cox and Calderon reported similar differences when comparing the approach to SCIT administration in the United States and Europe, where multiple allergens (U.S.) versus single allergens (Europe) were administered to patients. 22 This study further highlights differences in approach for the United States compared with other countries.
About 60% of patients reported concomitant use of prescription allergy medications, although they were on SCIT. Asthma was a comorbidity for about one third of the patients overall (43% United States, 24% Canada). This is comparable with a large nationally representative telephone survey of Canadian allergic rhinitis patients, where 27% reported having asthma. 5 The proportions reporting various symptoms were also comparable with those in our study.
Limitations
The generalizability of the results is limited by the small number of sites included in the study, as well as the geographic and seasonal variability in allergens across sites. Clinical practices without sufficient research staff or patient volume were unable to participate, which may limit generalizability to the high volume practices likely to treat the majority of SCIT patients. The extent to which patients and site practice patterns are representative of other allergy practices is unclear. Nevertheless, the range of site-level results among 12 sites was sufficiently small to be informative, and a large cohort of patients was enrolled. Patient characteristics and endpoints such as allergy symptoms, work impairment, and travel time are less affected by site practice (albeit allergies and demographics are influenced by site location). Several sites treated only adult patients, resulting in an underrepresentation of care and outcomes experienced by children and adolescents.
Direct observation of administrative time was not possible, and site staff had difficulty estimating the time to complete administrative tasks, which is 1 component of the cost calculation. This study did not attempt to collect data related to persistence or adherence and therefore does not provide an average cost of the complete SCIT treatment protocol, but rather a pervisit cost estimate. Persistence with therapy would be a good subject for future research.
Limitations of all T&M studies include the risk of observers interfering with care patterns by their presence (the Hawthorne effect) and the precision of the study data given the possibility of human timing errors. 37, 38 These risks were mitigated with thorough on-site training of all observers by a study investigator, including a quality review of the first 2 observations performed.
■■ Conclusions SCIT requires patient commitment to a long-term treatment regimen involving numerous clinic visits and resources for administration. This T&M study uniquely combined direct observation of SCIT injections administered in the United States and Canada with medical history and health outcomes collected from patients, physicians, and retrospective chart review. Analyses revealed substantial variation in SCIT regimens among and between countries and clinical settings, yet commonality was seen in the overall injection process. Extract costs and patient time were the primary drivers of the cost of SCIT.
